Natural disasters and climate change are interrelated macro-critical issues affecting all Pacific small states to varying degrees. In addition to their devastating human costs, these events damage growth prospects and worsen countries' fiscal positions. This is the first cross-country IMF study assessing the impact of natural disasters on growth in the Pacific islands as a group. A panel VAR analysis suggests that, for damage and losses equivalent to 1 percent of GDP, growth drops by 0.7 percentage point in the year of the disaster. We also find that, during 1980-2014, trend growth was 0.7 percentage point lower than it would have been without natural disasters. The paper also discusses a multi-pillar framework to enhance resilience to natural disasters at the national, regional, and multilateral levels and the importance of enhancing countries' risk-management capacities. It highlights how this approach can provide a more strategic and less ad hoc framework for strengthening both ex ante and ex post resilience and what role the IMF can play. 
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I. INTRODUCTION AND MOTIVATION
The Pacific island countries are among the most susceptible to natural disasters in the world. The combination of location and small size heightens their vulnerability to earthquakes and such weather-related extremes as cyclones, tsunamis, hurricanes, and floods. In addition, climate change poses risks to the continued survival of some Pacific islands.
This study is the first IMF study to quantify the impact of natural disasters on Pacific islands' economies using a cross-country approach. Previous IMF analyses have been conducted on a country-by-country basis. After a disaster occurs, the IMF typically assesses the impact of the event on the macroeconomic framework and on debt. It assesses the latter using the debt sustainability analysis (DSAs), jointly prepared with the World Bank Group and in collaboration with the Asian Development Bank (ADB).
Assessing the prospective fiscal costs and growth impact of natural disasters is key to evaluating the Pacific island countries' long-term prospects. Mainstreaming estimates within the macro framework before the event occurs can help enhance countries' disaster risk management and thus their ability to cope with such events. Integrating such prospective costs into the DSA could determine ex-ante the magnitude of the need for fiscal and financial buffers and other sources of financing. And it can determine the fiscal space available for building infrastructure to address natural disasters and climate change, thereby helping better tailor IMF policy advice. The paper presents also a multi-pillar strategy which involves national, regional, and multilateral responses, including the engagement of the IMF. This integrated framework can provide a more strategic and less ad hoc approach for strengthening both ex-ante and ex-post Pacific islands' resilience to natural disasters and climate change.
II. STYLIZED FACTS
The Pacific islands have, on average, been more heavily affected by natural disasters relative to other small states. This evidence holds across a large range of metrics:
 Occurrence. Over the last four decades, PICs have suffered more natural disasters than small states in other regions. The region has experienced about 2,400 tropical cyclones in the last 60 years (World Bank Group, 2013a) and their occurrence has increased over time in line with global trends. 

Probability of a natural disaster. Based on historical frequency, the probability of a natural disaster averages more than 20 percent a year across the small Pacific states and Papua New Guinea (PNG). Given that PICs are geographically dispersed, natural disasters do not hit all at once--although they may hit more than one country, as in the recent case of Cyclone Pam, which inflicted heavy damage on both Vanuatu and Tuvalu. The probability that natural disasters will occur at the same time in more than one Pacific island country (i.e., joint probability) is generally below 5 percent, with a maximum of 12 percent for Fiji and Papua New Guinea.
 World Risk Index. According to the World Risk Index--a composite measure of a country's exposure to natural hazards and of its ability to cope with them--the Pacific islands rank highest on the risk of suffering a disaster. Among 171 countries, 6 Pacific islands rank among the first 16 countries at the highest risk of experiencing a natural disaster-the first being Vanuatu.
 Damages and losses. Annual damage and losses, a better measure of countries' vulnerability to natural disasters, averaged 2.3 percent of GDP in the Pacific islands during 1980-2014-higher than in other peers and non-small states. For example, despite disasters being more frequent in Papua New Guinea and Fiji, damage and losses seem to be far higher in Samoa and Vanuatu. This suggests that the intensity of the natural disasters and/or the resilience to these events vary across countries. Cross-country studies (Raddatz, 2009; Cavallo and Noy, 2010) show that the economic effects of natural disasters depend on a range of variables, including income levels, stage of development, country size, disaster type, and disaster severity. Moreover, less developed economies are generally hit harder by natural disasters than developed economies. Although developed economies are more highly exposed to wealth losses, large and diversified economies can better absorb the shocks (Auffret, 2003) . Damage and losses are in fact lower in Papua New Guinea-despite having the highest occurrence of disasters-which is not a small state, and in Fiji, which is a middle-income country. Lack of economic diversification also heightens vulnerability to natural disasters and other shocks. Climate change also poses risks to the continued survival of some Pacific islands. Low-lying atolls (e.g., Kiribati, the Marshall Islands, and Tuvalu) are the most vulnerable to rising sea levels. But climate change also threatens agricultural income in such highelevation islands as Solomon Islands and PNG, especially in rural areas, by increasing water salinity. While sea levels are already rising, recent studies (ADB, 2013; IPCC, 2013) suggest that they will rise further, between 1 and 1.7 meters in some cases. For example, a rise of 50cm would lead to a loss of 80 percent of the land in the Majuro Atoll of Marshall Islands, and the habitability of other islands would be threatened well before lands are lost. Policies that support strong economic fundamentals can foster resilience. Some Pacific island countries have made progress in rebuilding buffers (lower debt, higher fiscal balances and reserves) after the 2008-09 crisis, but more than half still have less comfortable buffers than before the crisis.
The

Recent empirical analyses
The literature reveals that the economic impact depends on the type of disaster and its magnitude, despite the stimulus of rehabilitation activity. Fomby and others (2013) find negative effects on growth from droughts and storms, and no statistically significant effect on aggregate GDP growth from earthquakes. Raddatz (2009) finds small countries are hurt more by windstorms, but helped by moderate floods. The latter result seems to derive from the higher electricity-generating capacity following a moderate flood as a result of plentiful water supply. Acevedo (2014) finds negative effects from both storms and floods in Caribbean countries. Loayza and others (2009) find that although small disasters may have a positive effect in the short run (e.g., owing to reconstruction boosting growth), the short-run effect of large disasters on growth is always negative.
Other international organizations have estimated the cost of natural disasters and climate change in terms of reduced economic growth. According to the World Bank Group, natural disasters in the PICs cause damage, every year on average, of nearly 2 percent of GDP (about US$248 million). 4 For climate change, the Asian Development Bank estimates economic costs for the Pacific islands of 2.2-3½ percent of GDP annually, rising to as high as 12.7 percent by 2100 (ADB, 2013). The ADB also estimates that preparing for the effects of climate change may cost between 1½-2½ percent of GDP a year.
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IV. ESTIMATING THE MACRO-FISCAL IMPACT OF NATURAL DISASTERS
This is the first cross-country IMF study assessing the impact of natural disasters on growth in the Pacific islands as a group. Natural disasters include earthquakes, storms, floods, and droughts using the Emergency Events Database (EM-DAT) maintained by the Centre for Research on the Epidemiology of Disasters (CRED).
We use the following three methodologies:
 A panel vector autoregression (VAR) model to estimate the short-term impact on growth and on the fiscal balance and its components (revenue and expenditure).
 A panel autoregressive distributed lag (ARDL) model to estimate the long-term effect on GDP growth.
 An event analysis to study growth and fiscal performance during and after natural disasters.
A. Econometric Analysis
VAR Model
We use annual panel data for five countries (Fiji, Samoa, Solomon Islands, Tonga, and Vanuatu) for the period 1970-2013 to measure the impact of natural disasters on fiscal aggregates and growth. The panel is unbalanced since a long time series for the PICs is unavailable owing to data weaknesses and because many of these countries became independent in the late 1970s.
The model specification includes the following variables: real GDP growth, total government spending as a percent of GDP, tax revenue as a percent of GDP, the overall fiscal balance as a percent of GDP, and a measure of natural disaster intensity. Following Fomby and others (2013) , the disaster intensity is proxied by the share of the fatalities and of the overall affected population and defined as:
.
The identification strategy assumes that natural-disaster damage affects real GDP growth and fiscal variables in the current period, while natural disasters are exogenous.
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This assumption is implemented with a Choleski decomposition. The VAR is described by the equations below, with the lag structure set to one in order to minimize the number of parameters estimated:
where , with i = {Fiji, Samoa, Solomon Islands, Tonga, and Vanuatu}. The estimation results show that natural disasters reduce short-term growth. The effects of a natural disaster, with an intensity affecting 1 percent of the population, are shown in the impulse responses plotted ( Figure 18 ). The shock causes growth to contract by about 0.5 percentage point in the year of the disaster. A natural disaster that causes damage and losses equal to 1 percent of GDP causes an average drop in GDP of 0.7 percentage point in the year of the disaster; this is equal to an annual drop on average of 2.1 percent for all the Pacific islands, based on historical data on damage and losses.
Natural disasters also worsen Pacific islands' fiscal positions. For damage and losses equal to 1 percent of GDP, the fiscal balance deteriorates by 0.5 percent of GDP in the year after the disaster. Spending rises by 0.7 percentage point of GDP in the year of the shock while tax revenue falls by 0.2 percentage point of GDP, before rising by the same amount in the following year. The fiscal deterioration is not as large as the drop in tax revenue and increase in expenditure suggest. This can be explained by the role that grants play in those Pacific islands experiencing natural disasters. Tax revenue seems to rebound faster than GDP. These results are robust to an alternative definition of disaster intensity ( Figure 19 ). This includes damage and losses in percent of GDP as the disaster variable instead of disaster intensity. 8 The results are broadly similar. The main difference is that GDP growth returns to the pre-disaster trend faster than in the first specification and that spending consistently picks up in the year after the disaster, with possible delays in reconstruction activity. It also takes longer for the fiscal balance to return to the pre-shock trend.
The results are also robust to global shocks and different lag specifications. Estimations that include two and three lags present analogous impulse responses, in terms of the sign of the responses (Appendix C). Including real world GDP growth and changes in oil prices as measures of global shocks affects the estimations minimally (Appendix D). 
Autoregressive distributed lag (ARDL) model
We estimate the impact of natural disasters on long-term growth using a panel ARDL model with fixed effects. We use annual panel data for five countries (Fiji, Papua New Guinea, Samoa, Tonga, and Vanuatu) for the period 1970-2014. The dependent variable is real GDP (in log). The explanatory variables are population, capital stocks (both in log), and damage and losses (in percent of GDP). The capital stock series is constructed applying the perpetual inventory method. The long-run impact of natural disasters on GDP growth is substantial. Assume that before the natural disaster, GDP grows at 3 percent. The 10-year growth on a cumulative basis would then be 34 percent. After a natural disaster, with damage and losses equal to 60 percent of GDP, growth falls by 18 percentage points (i.e., 60 multiplied by 0.3), resulting in a 10-year growth loss of 16 percent on a cumulative basis. 9 9 Appendix D, Table 1 shows that in explaining the impact of natural disasters on GDP growth, the coefficient of damage and losses as a percent of GDP is -0.003. Because real GDP is expressed in logarithm, while damage and losses are expressed in percent of GDP, the coefficient is multiplied by 100. Hence, in the example above the number 60 is multiplied by 0.3. 
B. Event analysis
Using an event analysis, we study growth performance during and after natural disaster episodes. We define a natural disaster episode as one that results in damage and losses of at least 10 percent of GDP. In contrast to the econometric models presented above, event analysis focuses on the relationship between growth performance and natural disaster shocks before, during, an after an episode. While event analysis does not attempt to determine the direction of causality, it represents a useful complement to econometric models because it allows us to uncover the non-linear dynamics of economic relationships that are likely to be missed by standard econometric specifications. A main finding is that a loss in output relative to the pre-disaster GDP growth trend persists after two years, with the fiscal balance remaining as negative as in the year of the disaster. While not a conclusive determinant of the growth effects of natural disasters, these events were probably dominant factors affecting the economies at the time. On average for these events, growth was zero in the year of the disaster. While growth rebounds fairly quickly, on average two years after the disaster, it is below the growth rate prior to the natural disaster shock. The still-large fiscal balance deterioration is consistent with the results of the VAR and may reflect infrastructure rehabilitation and rebuilding.
V. INCREASING MACRO-FISCAL RESILIENCE BY ENHANCING DISASTER RISK MANAGEMENT-A MULTI-PILLAR FRAMEWORK
Enhancing resilience to natural disasters and climate change demands a multi-pillar strategy at the national, regional, and multilateral levels. It also requires enhancing countries' risk-management capacity. The key pillars of disaster risk management, before the event occurs, include 10 :
 identifying and undertaking risk assessment; at the national level, ex ante resilience entails identifying risks and explicitly integrating risks into the fiscal frameworks and budget planning.
 providing self-insurance by building policy buffers to enhance resilience to shocks (lower debt, higher fiscal balances and reserves);
 reducing risks by enhancing preparedness, including by investing in "smart" infrastructure that can better cope with climate change and natural hazards and by enhancing debt-management capacity; and  transferring risk through private or sovereign insurance and through multilateral risksharing mechanisms (e.g., international safety net).
 Insurance is provided through the Pacific Catastrophe Risk Insurance Pilot for the Pacific islands, a joint initiative between the Secretariat of the Pacific Community, the World Bank Group, and the Asian Development Bank-with financial support from the government of Japan and the Global Facility for Disaster Reduction and Recovery. This very innovative scheme was launched in January 2013 and concluded its second year pilot phase in October 2014. The pilot began its third phase in November 2014 and is now expected to be concluded in October 2015. The scheme offers immediate funding in the wake of severe natural disasters (World Bank, 2013a) to current participating countries: the Cook Islands, the Marshall Islands, Samoa, Tonga, and Vanuatu. 11 The government of Japan provided an additional US$1 million 10 Laframboise and Loko, 2012.
11 Solomon Islands chose not to continue with its participation in the insurance pilot because it did not qualify for a payout after the flood in April 2014. Disbursements are linked to specific physical parameters (e.g. the wind's speed triggering a cyclone) that were not triggered during the flood.
to fund premium subsidies for four of the participating countries (Cook Islands is self funding). The World Bank Group acts as an intermediary between the Pacific island countries and a group of reinsurance companies, which were selected through a competitive bidding process. 12 The pilot uses "parametric triggers," such as cyclone intensity or earthquake magnitude, to determine payouts. In January 2014, Tonga became the first country to benefit from a payout under the pilot of US$1.3 million, while Vanuatu received US$1.9 million after Cyclone Pam. Damages and losses were respectively US$45.4 million in Tonga and US$467 million in Vanuatu.
 Membership in multilateral organizations by ex ante pooling global resources could be seen as a "risk-pooling mechanism."
 Some PICs are currently discussing the establishment of a subregional reserve pooling arrangement. The Melanesian Spearhead Group (MSG) (which includes Fiji, Papua New Guinea, Solomon Islands, and Vanuatu) is holding discussions on setting up an emergency Stabilization Fund to assist members in balance of payments crisis situations, in particular when members encounter imminent risks of erosion of foreign exchange and the consequent inability of members to finance imports and external debt. 12 The Coping in the wake of a natural disaster, together with ensuring a resilient recovery, is the main pillar of the ex post disaster risk management. At the national level the main actions include the emergency response and reconstruction efforts. A sound reconstruction program should consist of measures to reduce risks such as resettlement away from the coastline where feasible and infrastructure investment. Reconstruction can provide an opportunity to accelerate broader growth-enhancing structural reforms. Donor financing will remain important in enhancing the ability to cope with natural disasters and climate change as these countries are too small and the costs too high to be fully internalized by building buffers. And building buffers has also an opportunity cost. Participation in insurance mechanisms is very promising, but so far the disbursement has been limited. Increasing global resources are being made available for climate change finance, with a new target of raising US$100 billion a year by 2020 to cover rising climate change costs established at the 2010 United Nations Climate Change Conference in Cancun. But access to global funding for the Pacific island countries is challenging because of capacity constraints and bilateral funding remains critical. Moreover, the complexity of numerous financing instruments can add to the overall donor coordination challenge (Appendix D). Donor funding is a necessary part of resilience for small Pacific island states. Donor coordination should also be strengthened among multilateral institutions, donors, the authorities, and civil society, especially given the limited administrative capacity.
VI. THE ROLE OF THE IMF
The macro-critical challenges posed by natural disasters and climate change are being increasingly incorporated into the IMF's work. The Fund has been looking at how to help countries respond through policy advice (surveillance), financial support, and technical assistance and training to build capacity. The IMF recently published a staff guidance note on small states that recognizes the importance of natural disaster management and climate change (IMF, 2014a) . Among other policy messages, the note emphasizes the need to enhance resilience to shocks and climate change. The guidance note recognizes the complex nature of climate-change-financing arrangements, and the problems posed by lack of capacity in accessing climate change resources. As such, in their consideration of fiscal space in the surveillance context, IMF staff is advised to be sensitive to the long-term implications of climate change for the public investment needs of small states, and be ready to consider how these might be financed.
A. Surveillance
As reported in the 2013 IMF Board Paper on small states, fostering resilience before the fact requires:  integrating natural disaster risks into macro frameworks to determine the magnitude of the buffers (or self-insurance) needed and of outside insurance;
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 allowing sufficient flexibility to help redeploy spending rapidly; and  ensuring sufficient policy space (external reserves and low debt) to help mitigate potential balance of payments shortfalls.
After the event, an efficient response (i.e., resilience) requires: greater transparency to ensure the effective use of disaster assistance, strengthening coordination among development partners and authorities, and pursuing growth-enhancing structural reforms.
The costs of natural disasters and climate change are also included in debt sustainability analysis and in scenario analysis in Article IV consultations. Kiribati's recent Article IV reports have described climate change vulnerabilities that have slowed Kiribati's achievement of poverty reduction goals owing to the need to divert resources from development spending to building seawalls. 14 DSAs on Kiribati have highlighted the fiscal risks arising from uncertain climate change costs and the importance of external assistance for concessional finance. The 2014 Article IV Consultation Staff Report for Tonga assessed the impact cyclone Ian that hit the country in January 2014 provoking damages and losses for about 10 percent of GDP. The 2015 Article IV Consultation Staff Report for Samoa analyzed the impact of natural disasters on debt.
B. IMF Financial Support
The IMF offers financing to meet a broad range of urgent balance of payments needs, including those arising from natural disasters. Public financial management reform and more transparent aid management policies enhance the effectiveness and quality of public expenditure, thus offering benefits that extend beyond climate change and natural disaster management. A recent report by the Pacific Islands Forum (PIFS, 2013a, Nauru case study) offers several lessons. These include the benefits of integrating climate change into national plans, policies and budgets, and of tracking spending through budget systems. The report also cites the difficulties in quantifying the extent of external financing available for climate change and distinguishing this financing from existing development assistance. These challenges are likely to divert capacity from other aspects of core policy management.
The IMF also provides TA to all members interested in adopting environmental tax reforms. Fiscal policies should take center stage in trying to get energy prices to reflect the harmful environmental side-effects associated with energy use, notably climate change.  the macroeconomic and fiscal impact of natural disasters,  incorporating disasters risks into the fiscal planning process, and  disaster risk financing.
VII. CONCLUSIONS
Pacific island countries face severe challenges from natural disasters and climate change. These events have an impact on both potential growth and public finances.
Going forward, a more strategic approach is needed to help countries deal with the increasing frequency and magnitude of these events. Explicit recognition of the costs of natural disasters and climate change in baseline macro-frameworks and debt sustainability analyses is important, particularly given the risks that these events become increasingly severe over time. While building policy buffers is especially relevant in the small states of the Pacific to enhance resilience before these events occur, these countries will need to continue to be supported by access to external assistance and insurance schemes. In addition to providing financing support, the IMF can also help by continuing to provide technical assistance and training to enhancing countries' risk management capacities thereby continuing to foster also ex ante resilience.
APPENDIX A: DATA SOURCES
Data were collected from different sources depending on data availability. The data were built based on the series and sources described in Table A. 1. The series were built backward based on the information and provided that no inconsistencies are generated in splicing the series. 
APPENDIX B: DETERMINANTS OF REAL REVENUE
Separate dynamic panel regressions were run for different groups (small states, Pacific island small states, LICs, emerging markets, resource-rich small states, and non-resource-rich small states) to identify the variables that explain real revenue. The dependent variable (real revenue) is regressed on GDP (and its lag), weighted terms of trade (and its lag), a variable on natural disasters, lagged real revenues and fishing license fees. Revenue shows strong procyclicality, especially in small states that are net commodity importers. And revenue procyclicality is a source of revenue volatility. Coefficients on real GDP growth variables higher than 1 suggest revenue pro-cyclicality (i.e., revenue is growing faster than GDP during upturns and slower than GDP during downturns). For small states, the sum of the coefficients on real GDP growth (current period and one-period-lagged)-a proxy for cyclical components of revenues-is equal to 1.7. After controlling for GDP, revenue depends on terms-of-trade shocks, especially in resource-rich small states. Natural disasters also heighten revenue volatility, especially in the Pacific islands. Staff analysis suggests that a natural disaster that affects 1 percent of the population causes a drop in real revenue of 0.4 percentage point in the Pacific islands, larger and more statistically significant than any other country groups, including all small states.
(Year-on-year percent change) 1/ Panel regressions, 1990-2013 using the generalized method of moments (GMM) to correct for endogenity by instrumenting with lagged explanatory variables.
Combined coefficients higher than 1 on real GDP growth and lagged GDP growth imply revenue procyclicality. Asterisks indicate p-values: *** p<0.01, ** p<0.05, * p<0.1.
2/ Includes countries dependent on fishing license fees. The fiscal variables seem to be only stationary in first difference. While the fiscal deficit seems to be stationary in levels--as individual series are stationary for four out of five countries and the IPS points out no unit root--expenditure and tax revenue are not stationary as the Dickey-Fuller and Perron-Phillips test show that only one out of five countries reject to unit root hypothesis. The test on first difference of all the fiscal variables indicates that the series are stationary as all the Dickey-Fuller, the Perron-Phillips and the IPS signal no unit root. The lag structure was selected at one lag so as to minimize the number of parameters to be estimated. Estimation with two and three lags shows analogous impulse responses.
APPENDIX C: VAR MODEL
In this appendix, we test the robustness of the results to global shocks. The world real GDP growth and variations in the price of oil are selected to proxy global shocks. We find that the estimation results presented in the text do not differ after controlling for the global variables mentioned. The estimation includes the following variables:
Where 
APPENDIX D: AUTOREGRESSIVE DISTRIBUTED LAG (ARDL) MODEL
The ARDL methodology is valid regardless of whether the regressors are exogenous or endogenous, and irrespective of whether the underlying variables are integrated of order 1 or zero. Natural Disasters Since 2011, US$26 million The DRF supports emergency assistance, restoration, and rehabilitation and reconstruction needs. The assistance is provided in the form of grants or loans depending on a country's status. In case of a disaster, an ADF-only country can get up to 100 percent of the country's annual Performance Based Allocation (PBA) or US$3 million per disaster, whichever is higher; a blend country can receive up to 3 percent of its annual PBA. Since 2011, the ADB has helped Pacific countries access US$26 million from the DRF through 3 projects (Solomon Islands, Tonga, and Samoa). European Union The CIF provides funding to 48 developing and middle income countries. Funding is from contributor countries, with co-funding sought from the private sector. The CIF fosters partnerships through a programmatic approach, whereby CIF countries, with support from the MDBs, lead investment planning and implementation. The CIF has four funding windows: (1) Japan will provide the assistance to Pacific island countries that are battling rising sea levels and natural calamities as a result of global warming. Focus is on disaster risk reduction, climate change, environment, people-to-people exchanges, sustainable development, maritime issues and fisheries, and trade, investment and tourism.
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